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ABSTRACT: Tin(II)-based halide perovskites have shown
promise in lead-free and mixed tin(II)�lead ideal-band-gap
photovoltaic applications. Nonetheless, they notoriously su�er
from oxidation in oxygen environments, thereby sustaining rapid
self-doping during synthesis and further material degradation in
postfabrication stages. As such, enhancing the chemical stabilities
of tin(II) halide perovskites is imperatively crucial for the further
advancement of any relevant eco-friendly and low-band-gap
photovoltaic technology. Here, we demonstrate that hydro-
quinone, a chemically reductive organic molecule, can e�ectively
improve the stability of perovskite methylammonium tin(II) iodide
(CH3NH3SnI3) in a dry air environment, as shown by X-ray di�raction and X-ray photoelectron spectroscopic studies. Furthermore,
the luminescence longevity of the hydroquinone-treated CH3NH3SnI3 �lm is much greater than its undoped pristine counterpart in
ambient air, as unambiguously evidenced by their time-dependent steady-state photoluminescence spectra. Meanwhile, time-
resolved photoluminescence (TR-PL) decays reveal nearly unchanged carrier recombination lifetimes in both types of perovskite
materials during degradation, which therefore infers a facile oxidation process for these thin �lms. This work provides a practical clue
to stable and high-performance tin(II)-based perovskite optoelectronics.
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Halide perovskites have realized remarkable performance in
optoelectronic applications, such as photovoltaics,1�5

photodetectors,6,7 and nanolasers,8,9 where a certi�ed record
power conversion e�ciency exceeding 25% has been impres-
sively achieved from perovskite solar cells in 2019.10 Nonethe-
less, the majority of the abovementioned high-performing
optoelectronics were fabricated on perovskites with lead-based
compositions (chemical formula: APbX3, A = CH3NH3

+ (MA+),
HC(NH2)2

+, Cs+, X = I�, Br�, and/or Cl�), in which Pb is highly
toxic and detrimental to the environment11�15 and thus hinders
large-scale commercialization16�19 of any relevant energy
technologies. Therefore, it is of imperative imminence to
substitute Pb with less-toxic elements in perovskites as the light-
harvesting active materials. Previous examples of Pb-free
perovskites include the adoption of Bi3+ or Bi3+/Ag+ as B-site
cations.20�24 However, such practices inevitably result in quasi
zero-dimensional structures as in (CH3NH3)3Bi2I9 and
Cs3Bi2I9,

25,26 or double-perovskite systems (e.g., Cs2BiAgBr6,
Cs2BiAgCl6) with indirect band gaps,22,27,28 thereby signi�-
cantly limiting the charge generation and transports therein.
Being a group 4A element, Sn has demonstrated its potential in
Pb-free solar cells12,29�32 and photodetectors33 with consid-
erable optoelectronic performance. Additionally, the incorpo-
ration of Sn in perovskite systems also synergistically brings
forth much smaller optical band gaps and greater carrier
mobilities due to the more covalent nature of Sn relative to

Pb,34�39 thus signifying the capability in further approaching the
Shockley�Queisser limit.40�42 Nevertheless, tin(II)-based per-
ovskites are plagued by Sn-vacancy defect formation, thus
rendering inferior charge carrier properties.43�45 Most im-
portantly, Sn2+ is easily oxidized to Sn4+ in ambient
atmosphere46,47 and even environments with trace oxygen
(<10 ppm) such as a glovebox46,48 or precursor solution,49

causing the corresponding material processing conditions/
windows to be harsh and narrow. Furthermore, oxidation of Sn2+

leads to heavily p-doped perovskites50 (a process called self-
doping), thus deteriorating the �nal semiconducting properties
and photovoltaic performance of solar cell devices. As such, it is
intriguing at both technological and scienti�c levels to enhance
the chemical stabilities of Sn(II)-based perovskite materials, so
as to further mature the environmental friendly and low-band-
gap optoelectronics in the setting of commercial deployment
with advanced performance. Herein, we show that through
adding a type of reductive organic molecule�hydroquinone
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